ABSTRACT: Cardiovascular disease (CVD) risk is associated with prenatal and infancy growth. However, the relative importance of these time periods for the CVD risk is uncertain. To elucidate this, we tested in a very preterm cohort the effects of birth weight for gestational age and weight gain between birth and 3 mo post-term (early postnatal weight gain) and between 3 mo and 1 y post-term (late infancy weight gain) on the lipid profile and carotid intimamedia thickness (CIMT) at age 19 y. A less favorable lipid profile was strongly associated with higher current body mass index (BMI), greater waist circumference, and greater absolute fat mass. CIMT was positively associated with current height, and with low-density lipoprotein (LDL) cholesterol and apolipoprotein B (ApoB) levels, and LDL/high-density lipoprotein (HDL) cholesterol and ApoB/ apolipoprotein AI (ApoAI) ratios. Lipid profile and CIMT were unrelated to gestational age, birth weight standard deviation score (SDS) and early postnatal weight gain. CIMT was positively associated with late infancy weight gain, but the relationship disappeared after correction for current height. Our findings in 19 y olds born very preterm argue for an effect of current body composition, rather than of early growth, on the CVD risk. Attempts to reduce the CVD risk in this specific population should focus on weight reduction in young adulthood rather than on optimizing the early growth pattern.
T he "fetal origins of adult disease" hypothesis postulates that CVD has its origin in early life, when specific insults during critical periods in development may permanently alter a body's structure and metabolism (1) . Epidemiologic studies have provided evidence of this hypothesis by reporting an inverse association between birth weight and mortality from CVD (2) , nonfatal cardiovascular events (3) , and the degree of carotid stenosis assessed by intima-media thickness (IMT) (4) . Also, it has been demonstrated in elderly men that slow growth until 1 y of age after low birth weight amplified risk of coronary artery disease (5) . In contrast, others have shown in boys and girls aged 13-16 y who were born prematurely that rapid instead of slow weight gain in the first two postnatal weeks was associated with decreased brachial flow-mediated dilation (FMD), an early marker of the atherosclerotic process (6) . Thus, in early life, at different stages of development, rapid growth and slow growth have been associated with increased CVD risk.
An atherogenic lipid profile is one of the major risk factors for CVD and is characterized by high levels of total cholesterol (TC), LDL cholesterol, triglycerides (TGs), and ApoB, and low levels of HDL cholesterol and ApoAI (7) . In a number of studies in individuals born after full-term gestation, birth weight has shown weak associations with some lipid levels [systematically reviewed in Lauren et al. (8) and Huxley et al. (9) ].
As fetal weight gain reaches its maximum between 32 and 38 wk of gestation, the circumstances in the third trimester of pregnancy contribute to most of the variation in birth weight. Detrimental circumstances resulting in intrauterine growth retardation can occur early and/or late in gestation. Persons who were in utero in the first trimester of pregnancy during the Dutch famine had the highest prevalence of coronary artery disease and also the highest LDL/HDL ratio (10, 11) , implying that insults during early gestation predispose to increased CVD risk. Whether lower birth weight for gestational age after the first two trimesters of pregnancy could explain increased CVD risk can only be answered by studies in subjects born very preterm (Ͻ32 wk of gestation).
We provide prospective long-term follow-up into adulthood of a well-described cohort of men and women born very preterm in whom lipid levels and CIMT were measured at the age of 19 y. Within this study population, we tested the relative importance of the effects of birth weight for gestational age and postnatal weight gain until the age of 1 y post-term on the lipid profile and CIMT in young adulthood. Weight at birth and at the ages of 3 mo and 1 y post-term had been recorded, so that the effects of weight gain before 32 wk of gestation, between preterm birth and 3 mo post-term (early postnatal weight gain), and between 3 mo and 1 y post-term (late infancy weight gain) could be unraveled. In comparison, we tested the effect of indices of current fat mass/distribution on the lipid profile and CIMT.
METHODS

Population.
The Project On Premature and Small-for-gestational-age infants (POPS) Cohort Study is a nationwide multicenter prospective follow-up study comprising 94% of all very preterm (Ͻ32 wk of gestation) and/or very low birth weight (Ͻ1500 g) infants born in The Netherlands in 1983, in which birth, growth, and a number of other characteristics have been recorded from birth onward (12, 13) . Gestational age (best obstetric estimate) was based on last menstrual period, pregnancy testing, and ultrasound, if necessary.
At age 19 y, all 669 living subjects with a gestational age Ͻ32 wk who were free of congenital skeletal deformations, Down syndrome, chromosomal abnormalities, multiple congenital deformations, or inborn errors of metabolism were approached by mail to participate in the POPS-19 study. Subjects with diabetes or familial dyslipidemia or taking thyroid hormone or systemic corticosteroids were excluded. The approval of the medical ethical committees of all participating centers was obtained for the POPS-19 study.
Study protocol. Subjects who gave written informed consent to participate were seen after an overnight fast between 0830 h and 1000 h between April 2002 and May 2003 at one of the outpatient clinics of the 10 participating centers. Assessors were blinded with respect to the perinatal characteristics of the subjects.
Venous blood was obtained after 30 min in the supine position. Thereafter, CIMT was measured and anthropometry performed. For the latter, subjects were measured barefoot while wearing underclothing only. All 15 assessors had received extensive training before the start of the POPS-19 study and retraining during the entire study period every 2 mo. Weight was measured to the nearest 0.1 kg on a balance scale, and height to the nearest 0.1 cm with a fixed stadiometer. Waist circumference was measured at 0.1 cm accuracy after gentle expiration, with a flexible tape measure. Four skinfold thickness measurements were taken in duplicate with a calibrated skinfold caliper on the left side of the body: in the triceps, biceps, subscapular, and iliacal regions. From these measurements, absolute fat mass was calculated using the equation of Durnin (14) . A more detailed description of skinfold thickness measurements obtained in the POPS-19 study has been published elsewhere (15) .
Laboratory analyses. Blood samples were stored at Ϫ80°C and thawed only once immediately before analysis. TC and TGs were measured in a fully automated computerized laboratory system with a Hitachi 747 (Hitachi, Tokyo, Japan). HDL, LDL, ApoAI, and ApoB were measured with a turbidimetric assay on a Hitachi 911.
Carotid intima-media thickness. Image acquisition. Both left and right common carotid arteries (CCAs) were visualized in B mode using highresolution devices with linear array transducers. Five assessors from three study centers had only devices with nonlinear array transducers available for our study. Consequently, these assessors did not obtain images in the subjects who attended at their centers.
The CCA was defined as the area 2-5 cm proximal from the beginning of the widening of the carotid bifurcation. For the left and right CCAs, three images were obtained in an optimal longitudinal direction and frozen on the R wave by electrocardiographic triggering and recorded on DICOM CD, Magneto Optical Disk (MOD), or Super-VHS (S-VHS) videotape.
Analysis. Images were sent to an independent core laboratory (Heart Core BV, Leiden, The Netherlands), where the offline analysis was executed by one expert reader according to standard operating procedures. For each reading, full quality control was performed by a second reader, and a third reader did the adjudication, if necessary. Readers were blinded with respect to the characteristics of the subjects. Quality of images was considered sufficient if at least the near or the far wall of the intima-media complex could be visualized and measured over a distance of at least 4.4 mm in a horizontal plane in combination with the appropriate calibration factor in agreement with the specifications of the validated software.
S-VHS images were digitized first using the Vascular Imager v. 4.2.2. (Medical Image Applications) and stored in RAW format at a resolution of 512 ϫ 768 pixels with 256 bits of gray levels. DICOM CD and MOD images were stored at the same resolution and grayscale. Subsequently, all images were calibrated and analyzed using the Carotid Analyzer v. 4.2.2. (Medical Image Applications). Thereafter, a digital region of interest (ROI) was defined in the CCA. The maximum ROI was selected within 2-5 cm proximal from the carotid bifurcation. Analysis was by automated border detection within the ROI of the near and far wall.
Standardization and reliability testing. Before the start of the POPS-19 study, assessors had received a 2-d training at the coordinating center (Leiden University Medical Center) and personal training at their own center. During the study, meetings between assessors were organized every 2 mo, and reliability of CIMT measurements of the right CCA was tested at each center in a group of four healthy young adults. Two assessors from one study center failed to obtain images of sufficient quality. Their images (of 41 subjects) were excluded from the statistical analyses. Of the remaining eight assessors, the interobserver coefficient of variation (CV) was 6.3%.
Statistical analysis. Measurements of size at birth and on subsequent occasions were converted to SDSs, using Swedish references for preterm infants (16) and recently collected Dutch references (17) (18) (19) , respectively. An exception was made for fat mass because of lack of population references. Early postnatal weight gain was calculated by subtracting the birth weight SDS from the weight at 3 mo SDS. Late infancy weight gain was calculated by subtracting the weight at 3 mo SDS from the weight at 1 y SDS.
Linear regression analysis was used to assess the effects of gestational age, early growth, and current size and body composition on the lipid profile and CIMT at age 19 y. To differentiate the effects of birth weight SDS, early postnatal weight gain, and late infancy weight gain on these outcomes, early postnatal weight gain was adjusted for the effect of birth weight SDS, and late infancy weight gain for the effects of both birth weight SDS and early postnatal weight gain in multivariate regression models, consistent with previous analyses in this cohort (15) . Not normally distributed outcomes (TGs only) were log-transformed before statistical comparison.
All analyses were adjusted for gender and analyses with CIMT also for assessor. Analyses with early growth were repeated with adjustment for the possible confounders race (white or nonwhite), socioeconomic status (Յ or Ͼ2 on a 6-point scale, in which 1 was lowest and 6 highest), multiple pregnancy (singleton or nonsingleton), and gestational age (as continuous as well as dichotomous (Յ or Ͼ30 wk) variable).
RESULTS
At age 19 y, 669 men and women born before 32 wk of gestation were still alive and eligible for inclusion: 415 consented to participate, and 254 refused or could not be traced (Fig. 1) . Three of the 415 participants met one of the exclusion criteria, 25 failed to give blood, 23 attended without fasting, and from 180, no (satisfactory) measurement of CIMT was available. Therefore, 364 and 184 individuals were analyzed with respect to the lipid profile and CIMT, respectively.
There were no significant differences in perinatal characteristics between subjects with and those without CIMT measurement (Table 1) . In both groups, there was a slight female preponderance. Mean birth weight for gestational age was equal to the population reference mean, whereas weight at 3 mo and 1 y was approximately 1 SD below the population mean. The value for weight at 3 mo was missing for 25 subjects and the value for weight at 1 y was missing for 29. Birth weight by gestational age is plotted for each included individual in Figure 2 .
At age 19 y, women had a greater waist circumference SDS and greater absolute fat mass than men (Table 2) . Also, they Effects of current size and body composition on the lipid profile and CIMT. TC, LDL, TGs, and ApoB levels and LDL/HDL and ApoB/AI ratios were each positively associated with current BMI SDS, waist circumference SDS and absolute fat mass (Table 3) . HDL level was inversely associated with all these indices. ApoAI level was inversely associated only with absolute fat mass. CIMT was positively related to current height SDS. Therefore, further analyses with CIMT were also adjusted for current height SDS.
Effects of the lipid profile on CIMT. LDL and ApoB levels and LDL/HDL and ApoB/AI ratios were positively associated with CIMT (Fig. 3) . After adjustment for current height SDS, the observed relationships became somewhat stronger.
Effects of early growth on the lipid profile and CIMT. The lipid profile was unrelated to gestational age, birth weight SDS, early postnatal weight gain, and late infancy weight gain (Table 4) . Adjustment for race, socioeconomic status, multiple pregnancy, and gestational age (as continuous or dichotomous variable in the analyses with early growth) did not change these associations (data not shown). There was Values represent mean Ϯ SD or percent. * On a 6-point scale, in which 1 was lowest and 6 highest. † Smoking, drinking alcohol, or using soft drugs, hard drugs, or methadone during pregnancy. (Table 3) . After adjustment for current height SDS, the association lost statistical significance. Adjustment for the same possible confounders as above slightly reduced the strength of these associations (data not shown).
DISCUSSION
We studied the lipid profile and CIMT in relation to early growth and current body composition in young adults born very preterm who had been followed prospectively since birth. Our findings argue for an effect of current body composition, rather than of early growth, on the CVD risk in this specific population.
Although weak associations between birth weight and some lipid levels have been reported in full-term individuals at different ages (8,9), we could not confirm such relationships in our population of 19 y olds born very preterm. Instead, we found that greater current absolute fat mass and a more central pattern of fat distribution were strongly related to a less favorable lipid profile. Also, we found that LDL and ApoB levels and LDL/HDL and ApoB/AI ratios were positively related to CIMT, while all lipid levels were within the normal range. We found no direct effects of current body composition on CIMT at age 19 y, but given the effects of current body composition on the lipid profile and of the lipid profile on its turn on CIMT, such effects are to be expected with advancing age.
Our observation that rapid weight gain in the period between 3 mo and 1 y was associated with marginally increased CIMT at age 19 y is in contrast with findings from others in elderly men that slow growth until 1 y of age after low birth weight was associated with increased coronary artery disease risk (5) . Recently, in prematurely born boys and girls aged 13-16 y, it was found that rapid instead of slow weight gain in the period between birth and 2 wk post-partum, during which an individual is normally still in utero, was associated with decreased brachial FMD (6) . However, in that study, the effect of weight gain after hospital discharge on FMD had not been taken into consideration.
The observed effect of rapid late infancy weight gain on increased CIMT in our study may be causal, or, alternatively, it may be partly explained by confounding because late infancy weight gain was positively associated with current height SDS (15) and current height SDS with CIMT. Indeed, the relation between late infancy weight gain and CIMT disappeared after correction for current height SDS. It is unclear whether the loss of association was due to (appropriate) correction for a confounding variable or (inappropriate) correction for an intermediate variable in the causal pathway. However, we did not find an effect of late infancy weight gain on the lipid profile, thereby making a possible biologic basis for the effect of rapid late infancy weight gain on increased CVD risk less likely.
CIMT is a measure of structural atherosclerosis, which corresponds well with the true histologic thickness (20, 21) . It is a strong predictor of stroke and myocardial infarction (22, 23) . Because in our study, ultrasound images were acquired by multiple assessors (n ϭ 8), associations of CIMT with early growth may have been missed due to lack of precision. In our subjects aged only 19 y, CIMT was positively related to LDL and ApoB levels and LDL/HDL and ApoB/AI ratios, whereas all lipid levels were within the normal range. This suggests that CIMT has been measured reliably enough to detect statistically significant relationships with well-known risk factors for the atherosclerotic process.
With a CV of 6.3%, the interobserver reproducibility of CIMT measurements was similar to studies involving only two to three assessors (24 -26) . Thus, in our study, associations of CIMT at age 19 y with early growth were not observed, simply because they were not there. As we had incomplete follow-up data, it may be argued that the observed associations could be biased by nonresponse. Participants did not differ substantially from nonrespondents in perinatal characteristics, nor did participants who had their CIMT measured differ from those without CIMT measurement. Nonresponse in the POPS-19 study was associated only with male gender, nonwhite race, and lower socioeconomic status (15) . Men had lower levels of all lipids, except for TGs. Whites and nonwhites had comparable lipid profiles. Lower socioeconomic status was associated with a less favorable lipid profile (data not shown). However, none of these demographic factors had any effect on early growth, implying that nonresponse bias could not have substantially influenced our results.
In conclusion, our findings in 19 y olds born very preterm argue for an effect of current body composition, rather than of early growth, on the CVD risk. Attempts to reduce the CVD risk in this specific population should focus on weight reduction in young adulthood rather than on optimizing the early growth pattern. 
